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(54) [Title of Invention] 

A MANUFACTURING METHOD OF FOAMING THERMOPLASTIC RESIN 
PARTICLES 




(57) [Abstract] 
[Construction] A 
thermoplastic resin 
containing a foaming 
agent, such as a 
melt-kneaded mixture of 
polystyrene and butane, 
is introduced into 
pelletizing dies, 
directing the flow path 
toward the extrusion 
holes of the dies, each of 
which is then guided to 
a flow path having a 
larger flow path, such as 
a flow path having 2-10^ 
time as large a flow 
cross-sectional area as 
the flow path, relaxing 
the stress in the 
melt-kneaded mixture; 
it is then passed through the extrusion holes, extruded into a pressurized fluid from 
their exits, immediately cut into particles, and cooled. 

[Effect] Because the stress received by a melt-kneaded mixture of thermoplastic 
resin containing a foaming agent in melting, mixing, and extrusion can be relaxed 
inside palletizing dies, preferred foam particles with little residual stress can be 
easily manufactured. 



[Claims] 

[Claim l] A manufacturing method of foaming thermoplastic resin particles, 
wherein thermoplastic resin containing a foaming agent is introduced into 
pelletizing dies, directing the flow path toward the extrusion holes of the dies, each 
of which is guided to a flow path having a larger flow path than the flow path; it is 
then passed through the extrusion holes, extruded into a pressurized fluid from 
their exits, immediately cut into particles, and cooled. 
[Claim 2] The manufacturing method described in Claim 1, wherein a 
melt-kneaded mixture of thermoplastic resin containing a foaming agent introduced 
into dies is allowed to flow into multiple flow paths, each of which is subsequently 
allowed to flow into a flow path having a larger flow path cross section than each 
flow path, and then passed through extrusion holes. 
[Claim 3] The manufacturing method described in Claim 1, wherein a 
melt-kneaded mixture of thermoplastic resin containing a foaming agent introduced 
into dies is allowed to flow into a flow path having a larger flow path area than the 
flow path, and subsequently passed through multiple extrusion holes. 
[Claim 4] The manufacturing method described in Claim 1, 2, or 3, wherein the 
thermoplastic resin is an aromatic vinyl series resin. 

[Claim 5] The manufacturing method described in Claim 1, 2, or 3, wherein the 
thermoplastic resin is a styrene series resin. 

[Claim 6] The manufacturing method described in Claim 4 or 5, wherein the 
cross-sectional area of the flow path having a larger flow path cross section is 2-10 
times the cross-sectional area of the previous flow path. 
[Claim 7] The manufacturing method described in Claim 4 or 5, wherein a 
melt-kneaded mixture of thermoplastic resin containing a foaming agent is 
extruded through exits of extrusion holes into a pressurized liquid at the glass 
transition temperature (hereinafter abbreviated as Tg) or higher and immediately 
cut, and the obtained particles are retained at the same temperature or higher in 
the pressurized liquid and then cooled. 

[Claim 8] The manufacturing method described in Claim 7, wherein cutting a 
melt-kneaded resin containing a foaming agent extruded through exists of extrusion 
holes and retaining the obtained particles in a pressurized liquid at a temperature 
Tg or higher are performed in water at a pressure of 5 kg/cm 2 (gauge pressure) or 
higher and a temperature of 65-95 °C. 

[Claim 9] The manufacturing method described in Claim 4 or 5, wherein a 
melt-kneaded mixture of thermoplastic resin containing a foaming agent is 



extruded into a heated and pressurized liquid of Tg in temperature and 
immediately cut, and the obtained particles are gradually cooled within a 
temperature range of Tg ± 5 °C. 

[Detailed description of the invention] 
[0001] 

[Technical field of the invention] 

The present invention relates to a manufacturing method of foaming 
thermoplastic resin particles, and more particularly, to a manufacturing method of 
foaming thermoplastic resin particles by the melt extrusion method using a 
thermoplastic resin and a foaming agent. 
[0002] 
[Prior Art] 

Conventionally, a general manufacturing method of foaming thermoplastic 
resin particles, such as foaming styrene series resin particles, is the suspension 
polymerization method, wherein during or after suspension polymerization of a 
styrene series resin, it is impregnated with a foaming agent. However, by this 
manufacturing method, uniform particle size cannot be obtained, necessitating 
grain size adjustment by sieving, etc.. Also there are many restrictions in 
manufacturing colored particles using a coloring agent such as pigment, making it 
extremely difficult. Furthermore, recycling of waste materials into foaming 
thermoplastic resin particles is impossible. 
[0003] 

Known as another method of manufacturing foaming thermoplastic resin 
particles is the melt extrusion particle forming method (JP S48-20423, JP 
H01-110911, etc.), wherein after a thermoplastic resin such as styrene series resin 
and a foaming agent are melted and kneaded in an extruder, it is introduced into 
palletizing dies, extruded through exits of extrusion holes of the dies into 
pressurized water, and cut into particular forms. This method has the advantage 
that grain size adjustment, coloring, and recycling of waste materials are easy. 
[0004] 

[Problems to be Solved by Invention] 

However, in the melt extrusion particle forming method, because stress 
received through melt kneading extrusion by the extruder is not sufficiently relaxed 
but remains in the melt-kneaded mixture of thermoplastic resin containing a 
foaming agent while particles are formed and cooled, there is the problem that 



uniform foaming of the particles is prevented in the foaming process, making it 
impossible to stably obtain preferable preliminary foam particles or foam molding. 
[0005] 

[Problem Resolution Means] . 

As a result of diligent investigation considering such . a situation as this, the 
present inventors completed the present invention by discovering that if a 
melt- kneaded mixture of thermoplastic resin containing a foaming agent is 
introduced into pelletizing dies, its flow path is directed toward the extrusion holes 
of the dies, and it is allowed to flow into a flow path having a larger flow path 
cross-sectional area, because the stress received in extruding the melt-kneaded 
mixture is greatly relaxed, by forming it into particles, it is possible to manufacture 
easily foaming thermoplastic resin particles, which allow obtaining preferable 
preliminary foam particles and foam molds having little remaining stress and 
uniform foaming. 
[0006] 

Namely, the present invention provides a manufacturing method of 
foaming thermoplastic resin particles, wherein a melt-kneaded mixture of 
thermoplastic resin containing a foaming agent is introduced into pelletizing dies, 
its flow path is directed toward the extrusion holes of the dies, and it is guided to a 
flow path having a larger flow path cross-sectional area, passed through the 
extrusion holes, extruded into a pressurized fluid from their exits, immediately cut 
into particles, and then cooled. 
[0007] 

The thermoplastic resin used in the present invention is not particularly 
restricted but may be any resin which can be foamed by a foaming agent, etc. 
Listed as the examples are aromatic vinyl series resins such as polystyrene, 
styrene-butadiene copolymer (shock-resistant polystyrene), styrene - (meth)acrylic 
acid copolymer, styrene - maleic anhydride copolymer, AS resin, and ABS resin; 
polyvinyl chloride series resins such as polyvinyl chloride resin, polyvinylidene 
chloride resin, and polyvinyl chloride - polyvinyl acetate copolymer; olefin series 
resins such as polyethylene and polypropylene; acrylic series resins such as methyl 
poly(meth)acrylate, ethyl poly (me th) aery late, and methyl methacrylate - styrene 
copolymer; polyester series resins such as polyethylene telephthalate and 
polybutylene telephthalate; amide series resins such as polycaprolactam and 
hexamethylene adipoamide resin; and single or mixture of polyurethane, 



polycarbonate, polyether-imide, and polyphenylene ether, among which styrene 

series resins are preferred. 

[0008] 

Listed for example as the foaming agent used in the present invention are 
aromatic hydrocarbon series foaming agents, halogenated hydrocarbon series 
foaming agents, etc., among which those having a boiling point of 95 °C or lower 
under the normal atmospheric pressure are used. 
[0009] 

Listed for example as said aromatic hydrocarbon series foaming agents are 
ethane, propane, propyrene, normal butane, isobutane, isobutylene, normal 
pentane, isopentane, neopentane, cyclopentane, hexane, and petroleum ether, and 
also listed for example as said halogenated hydrocarbon series foaming agents are 
methyl chloride, ethyl chloride, dichloroethane, chloroform, fluoromethane, 
difluoromethane, trifluoromethane, difluoro ethane, trifluoroethane, 
fluorochloromethane, fluorochloroethane, and dichlorodifluoromethane. Among 
them, aliphatic hydrocarbons of 3~6 in the number of carbon atoms, especially 
normal butane, isobutane, isobutylene, normal pentane, and isopentane are 
preferred. 
[0010] 

The amount of foaming agent used is usually 40 weight parts or less per 
100 weight parts of the thermoplastic resin, among which 2-10 weight parts is 
preferred in the respect that there is no coagulation of particles and that a uniform 
cell size is obtained. 
[0011] 

In the manufacturing method of the present invention, listed for example 
as the method of obtaining a melt-kneaded mixture of thermoplastic resin 
containing a foaming agent is the method wherein a thermoplastic resin and a 
foaming agent are melted and kneaded at the melting temperature of the 
thermoplastic resin or higher using a melt kneading machine. Usually adopted is 
a method wherein an extruder such as a single-spindle extruder, a double-spindle 
extruder, and a tandem-type extruder to melt-knead a thermoplastic resin and a 
foaming agent and then introduce it into palletizing dies. Particularly preferred is 
the use of a double-spindle extruder or a tandem-type extruder for good dispersion 
of the foaming agent. Also, it is preferred to inject the foaming agent where the 
thermoplastic resin is half melted or melted, for example the middle part of the 
extruder. 



[0012] 

The melt-kneaded mixture of thermoplastic resin containing a foaming 
agent obtained in this way is extruded from the exits of the extrusion holes of the 
palletizing dies into a pressurized liquid and cut into particles. 
[0013] 

Listed for example as the palletizing dies used here are those having one to 
several introduction paths, multiple extrusion holes, and flow paths which are 
between them and have larger flow path cross-sectional areas than the previous 
flow paths. 
[0014] 

The structure of palletizing dies used in the present invention is explained 
below with reference to the drawings. Fig. 1 and Fig. 2 are cross- sectional views 
showing overview structures of the palletizing dies used in the present invention, 
and Fig. 3 is a cross-sectional view showing an overview structure of a conventional 
palletizing dies. 
[0015] 

In Fig. 1 , 1 represents palletizing dies, 2 is a flow path for introducing a 
melt-kneaded mixture of thermoplastic resin containing a foaming agent, 3 is a flow 
path having a larger cross -sectional area than the flow path 2, 4 are extrusion holes, 
5 are their exits, and 6 are hardening agent layers constituting the exits 5. Also in 
Fig. 2 , indicated as 1, 2, 4, 5, and 6 are the same as in Fig. 1 , 7 are multiple flow 
paths continuing from the introduction flow path 2, and 8 are flow paths having 
larger flow-path cross-sectional areas than the flow paths 7. Furthermore in Fig. 3 , 
indicated as 1, 2, 4, 5, and 6 are the same as in Fig. 1 . and 7 are multiple flow paths 
continuing from the introduction flow path 2. 
[0016] 

In such palletizing dies used in the present invention, the cross-sectional 
area of the flow path such as the flow path 3 and the flow path 8 having a larger 
flow-path cross-sectional area is usually twice or more, preferably 2-10 times as 
large as the flow-path cross-sectional area of the preceding flow path such as the 
flow path 2 and the flow path 7, and the size of the extrusion holes is usually 0.3-3 
mm, preferably 0.5-1 mm in diameter. Also, the length (distance from the end 
point of the flow path having a larger flow-path cross-sectional area to the exits of 
the extrusion holes) of the extrusion holes is preferably 20 mm or smaller. , 
[0017] 



Listed for example as the cutting device is one equipped with a cutter which 
cuts the melt-kneaded mixture of thermoplastic resin containing a foaming agent 
extruded from the exits of the extrusion holes immediately under a 
high-temperature state, and a cutter chamber containing internal pressurized 
liquid. 
[0018] 

Listed as the pressurized liquid are water, glycol, ethylene glycol, a mixture 
of water and ethylene glycol, etc. which are pressurized above the pressure at which 
foaming of said particles can be prevented. Heated and pressurized water is 
usually used. 
[0019] 

The pressure applied to the pressurized liquid is usually a pressure above 
the saturated vapor pressure of the foaming agent at the temperature of the 
pressurized liquid, which is usually 5 kg/cm 2 and preferably 10-20 kg/cm 2 when the 
pressurized liquid is filled in the cutter chamber. 
[0020] 

The temperature of the pressurized liquid inside the cutting device is not 
particularly restricted but can be room temperature. However, if it is a 
temperature above the glass transition temperature (hereinafter abbreviated as Tg) 
of the foaming thermoplastic resin particles obtained by cutting, especially if it is a 
temperature between Tg and below the boiling point of the pressurized liquid under 
pressure, inside the flow path of the palletizing dies having a large flow-path 
cross -sectional area, even if stress remains inside the particles without completely 
relaxing, because the obtained particles are not rapidly cooled, time for relaxing 
residual stress can be obtained, making it is preferable. The temperature when 
water is used is usually 60-105 °C, and especially 80-95 °C is preferred as the 
temperature when styrene series resins are used. 
[0021] 

Next, although the particles may be cooled to a temperature where no 
foaming occurs even under the atmospheric pressure, it is desirable that it not be 
cooled immediately but held in the pressurized liquid at a temperature above the 
temperature Tg usually for over 2 minutes, and preferable for 4-10 minutes (the 
temperature may be increased or decreased within the temperature range above Tg), 
or be gradually cooled at a temperature around Tg, preferably within the 
temperature range of Tg ± 5 °C to promote relaxation of residual stress in the 



particles, and then cooled, preferably rapidly cooled at an average rate of 5 °C per 
minute. The cooled particles are next separated and dried under normal pressure. 
[0022] 

The method for relaxing said residual stress inside the particles after 
particle formation is not particularly specified, but listed for example are a method 
wherein particles of the thermoplastic resin containing a foaming agent which came 
out of the cutter are fed to a pressurizing container for stress relaxation from its top, 
and while being retained at a temperature above Tg + 5 °C or gradually cooled 
around the temperature Tg or preferably within a temperature range of Tg ± 5 °C, 
the pressurized liquid is slowly lowered to relax residual stress inside the particles 
and chronologically taken out from the bottom of said container; a method wherein 
particles of the thermoplastic resin containing a foaming agent which came out of 
the cutter chamber are allowed to flow into a transfer pipe, for example a spiral 
transfer pipe, together with the pressurized liquid, and while retaining the interior 
of the pipe at a temperature above Tg + 5 °C or gradually cooling it to a temperature 
around Tg, preferably within a temperature range of Tg ± 5 °C, it is transferred 
together with the pressurized liquid to relax residual stress inside the particles. 
[0023] 

Also, the method of cooling the particles may be any method which can cool 
the particles while preventing them from foaming. Listed for example is a method 
wherein a cooling liquid is mixed with the particles and pressurized liquid or the 
particles with the pressurized liquid separated under pressure to perform the 
cooling. 
[0024] 

[Examples (Embodiments)] 

The present invention is explained in detail hereafter, listing embodiments 
and a comparative example. However, the present invention is not limited by 
these. Note that part and % is the examples are in weight. 
[0025] 

Embodiment l: In this embodiment, foaming polystyrene particles were 
manufactured using a manufacturing apparatus having the manufacturing 
processes shown in Fig. 4 . In Fig. 4 , indicated as 11 is a tandem-type extruder 
composed of a first- stage extruder 11a and a second-stage lib, 12 is a hopper of the 
first-stage extruder 11a, 13 is a foaming agent injector, 14 is palletizing dies, 15 is a 
heat transfer unit, 16 is a cutter, 17 is a cutter chamber, 18 is a pressurizing pump, 
19 is a heat exchanger, 20 is a circulating water tank, 21 is a pressure adjustment 



device, 22 is a pressurizing container for stress relaxation, 23 is a pressurizing 
container for cooling, 24 and 25 are valves, 26 is a cooling device, 27 is a 
pressurizing pump, 28 is a valve, and 29 is a centrifugal dehydrator, wherein the 



[0026] A mixture composed of 100 parts of polystyrene and 0.02 parts of talc is fed 
and extruded from the hopper 12 of the tandem-type extruder 11 composed of the 
first-stage extruder 11a and the second-stage extruder lib, next 7 parts of butane is 
fed from an inlet of the rear half of the first-stage extruder 11a, and polystyrene and 
butane are melt-kneaded with the first-stage extruder 11a and the second-stage 
extruder lib. At this time, the resin temperature indicated 200 °C, the resin 
pressure indicated 110 kg/cm 2 . 
[0027] 

A melt-kneaded resin is extruded through palletizing dies (the diameter of 
extrusion holes: 0.7 mm<|), the number of extrusion holes: 100, cross-sectional area 
ratio of the flow path 3 / the flow path 2' 6.76) having a structure shown in Fig. 1 
attached to the tip of the second-stage extruder lib into the cutter chamber 17 filled 
with heated and pressurized water of 80 °C and 15 kg/cm 2 at a rate of 80 kg/hr, and 
immediately cut in water by the cutter 16, obtaining particles of about 0.9 mm in 
diameter. 
[0028] 

The formed particles were transferred into the pressurizing container for 
stress relaxation 22 of 500 L wherein heated and pressurized water of 6 m 3 /hr is 
circulated and kept at 80 °C and 15 kg/cm 2 , and were left there for 5 minutes. 
Afterwards, they were transferred to the pressurizing container for cooling 23 and 
cooled rapidly from 80 °C to 25 °C over 5.5 minutes. After cooling, the particles 
were taken out of the system, dehydrated with the centrifugal dehydrator 29, and 
dried, obtaining foaming polystyrene particles. 
[0029] 

The obtained foaming polystyrene particles had little residual stress, from 
which good foam particles could be easily manufactured. The properties are listed 
in Table 1. Note that the properties of the foaming polystyrene particles were 
measured or evaluated by the following methods. • Average particle size of the 
foam particles^ Particle sizes of 100 foam particles were measured using a dial 
gauge, and their average value was computed. • Residual stress of the foam 
particles: Ultrasound microscopic photographs of the foam particle surfaces were 




taken at a magnification of 50 times, and the degrees of residual stress were 
estimated visually from the degrees of stripe patterns on their surfaces. • Tg of the 
foam particles: Measured using a differential scanning calorimeter (DSC). • 
Expansion ratio (l / bulk density): Bulk density of foam particles which were 
foamed by heating 30 seconds with steam of 1 kg/cm 2 in gauge pressure was 
obtained, and its inverse was computed. Cell diameters of the foam particles: 
Stereoscopic microscope photos of 50-time magnification of cut cross sections often 
foam particles foamed in the same manner as in the above were taken, and their cell 
diameters were measured to obtain the range. • Uniformity of the foam particles: 
Stereoscopic microscope photos of 50-time magnification were taken in the same 
was as in the above, and uniformity of the cells was visually estimated. 
[0030] 

Embodiment 2' 

A melt-kneaded resin was extruded into heated and pressurized water and 
immediately cut to form particles. Foaming polystyrene particles were obtained in 
the same manner as in Embodiment 1 except that the obtained particles were not 
left in a pressurizing container for stress relaxation 22 but directly transferred to a 
pressurizing container for cooling 23, and cooled from 80 °C to 25 °C over 7 minutes. 
[0031] 

The obtained foaming polystyrene particles had little residual stress, from 
which good foam particles could be easily manufactured. The properties are listed 
in Table 1. Embodiment 3: A melt-kneaded resin was extruded into heated and 
pressurized water of 70 °C, immediately cut in water to form particles. Foaming 
polystyrene particles were obtained in the same manner as in Embodiment 1 except 
that the obtained particles were transferred into a pressurizing container for stress 
relaxation 22 wherein cooling water is introduced from the bottom portion, 
gradually cooled from 70 °C to 55 °C over 7.5 minutes to relax residual stress of the 
particles, transferred into a pressurizing container for cooling 23, and rapidly cooled 
from 55 °C to 25 °C over 3 minutes. 
[0032] 

The obtained foaming polystyrene particles had little residual stress, from 
which good foaming particles could be easily manufactured. The properties are 
listed in Table 1. Embodiment A* Foaming polystyrene particles were obtained in 
the same manner as in Embodiment 1 except that palletizing dies (the diameter of 
extrusion holes: 0.8 mm<)), the number of extrusion holes: 80, cross-sectional area 
ratio of the flow path 8 / the flow path 7: 4) of a structure shown in Fig. 2 was used. 



[0033] 

The obtained foaming polystyrene particles had little residual stress, from 
which good foaming particles could be easily manufactured. The properties are 
listed in Table 2. Comparative Example l: Foaming polystyrene particles were 
obtained in the same manner as in Embodiment 1 except that particles formed by 
extruding a melt-kneaded resin was extruded into heated and pressurized water 
using palletizing dies (the diameter of extrusion holes: 0.7 mm(|>, the number of 
extrusion holes: 100) of a structure shown in Fig. 3 and cutting immediately in 
water were not left in the pressurizing container for stress relaxation 22 but directly 
transferred to the pressurizing container for cooling 23 and cooled from 80 °C to 25 
°C over 7 minutes. 
[0034] 

The obtained foaming polystyrene particles had much residual stress, from 
which good foam particles could not be obtained. The properties are listed in Table 
2. 

[0035] 
[Table l] 



Table 1 



Item 


Embodiment 1 


Embodiment 2 


Embodiment 3 


Average particle size (mm) of 
foaming particles 


0.9 


0.9 


0.9 


Residual stress of foaming 
particles 


Little 


Little 


Little 


Tg (°C) of foaming particles 


65.0 


64.5 


65.0 


Expansion rate (l / bulk 
density) (cc/g) 


70 


68 


70 


Cell diameter of foam particles 
(|im) 


160-180 


130-200 


160-200 


Uniformity of foam particle 
cells 


Uniform 


Uniform 


Uniform 



[0036] 



[Table 2] 

Table 2 



Item 


Embodiment 4 


Comparative Example 
1 


Average particle size 
(mm) of foaming 
particles 


1.0 


0.9 


Residual stress of 
foaming particles 


Little 


Little 


Tg (°C) of foaming 
particles 


65.5 


65.0 


Expansion rate (l / bulk 
density) (cc/g) 


71 


65 


Cell diameter of foam 
particles (urn) 


150-200 


30-300 


Uniformity of foam 
particle cells 


Uniform 


Nonuniform 



[0037] 

[Effect of the Invention] 

According to the manufacturing method of foaming thermoplastic resin 
particles of the present invention, because stress received by a melt-kneaded 
mixture of thermoplastic resin containing a foaming agent through melt kneading 
extrusion can be greatly relaxed in palletizing dies, good foam particles having little 
residual stress can be easily manufactured. 



[Brief Explanations of Drawings] 

[Figure l] A cross-sectional view showing an outline structure of the palletizing 
dies used in the present invention. 

[Figure 2] A cross-sectional view showing an outline structure of the palletizing 
dies used in the present invention. 

[Figure 3] A cross-sectional view showing an outline structure of a conventional 
palletizing dies. 

[Figure 4] A manufacturing process diagram showing an example of the 
manufacturing method of foaming thermoplastic resin particles of the present 
invention. 

[Explanations of Codes] 
1 1 : Tandem-type extruder 
11a: First- stage extruder 
lib: Second-stage extruder 
12: Hopper 

13: Foaming agent injector 

14: Pelletizing dies 

15: Heat transfer unit 

16: Cutter 

17: Cutter chamber 

18: Pressurizing pump 

19: Heat exchanger 

20: Circulating water tank 

21: Pressure adjustment device 

22: Pressurizing container for stress relaxation 

23: Pressurizing container for cooling 

24, 24, 26: valves 

27: Cooling device 

28: Pressurizing pump 

29: Valve 

30: Centrifugal dehydrator 



Fig. 1. A cross-sectional view showing an outline structure of the palletizing dies 
used in the present invention. 




Fig. 2. A cross-sectional view showing an outline structure of the palletizing dies 
used in the present invention. 



Fig. 3. A cross-sectional view showing an outline structure of a conventional 
palletizing dies. 
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Fig. 4. A manufacturing process diagram showing an example of the 
manufacturing method of foaming thermoplastic resin particles of the present 
invention. 

11: Tandem-type extruder, 13: Injector, 14: Pelletizing dies, 16: Cutter, 17: Cutting 
chamber, 18: Pressurizng pump, 22: Pressuring container for stress relaxation, 23: 
Pressurizing container for cooling, 27: Cooling device, 28: Pressurizing pump. 



